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ABSTRACT 



In a method of executing OAM processing in a plural-line 
tenuinating apparatus, a physical layer terminator converts 
a line signal to ceUs and adds a line identifier onto each cell 
header, the identifier specifying the line on which the cell 
arrived. A header converter converts a line-identifier/VPI/ 
VCI of each cell to an identifier IQD for internal processing. 
An OAM processor unitarily manages data, which is nec- 
essary for OAM processing of each line, by a connection 
management table using the internal-processing identifier as 
an address, reads data from the management table based 
upon the ICID of the cells received from each of the lines, 
and executes OAM processing conforming to each line 
using the data that has been read. 

10 Claims, 23 Drawing Sheets 
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PLURAL-UNE TERMINATING APPARATUS 
AND OAM PROCESSING METHOD 
THEREOF 

BACKGROUND OF THE INVENTION 

This invention relates to a plural-line terminating appa- 
ratus and a method of OAM processing in this apparatus. 
More particularly, the invention relates to a plural-line 
terminating apparatus for accommodating a plurality of 
Unes, converting signals from these plurality of lines to ATM 
cells and sending the ATM cells to an ATM switch, sending 
ATM cells from the switch upon converting the cells to line 
signals, and executing OAM processing of a pluraHty of 
lines. The invention further relates to a method of executing 
this OAM processing. 

Asynchronous Transfer Mode (ATM), which is the core of 
a broadband ISDN, makes it possible to divide a variety of 
information such as voice, video and data into fixed-length 
packets, referred to as cells, and to transfer the information 
over a network at high speed while handling the information 
in a consolidated manner. Monitoring network failures in the 
operation of an ATM network is important, and use is made 
of OAM (Operation, Administration and Maintenance) Fault 
Management cells (AIS cells, RDI cells, etc.) to monitor 
connection failure, 

FIG. 19 is a diagram for describing the basic mechanism 
of OAM (Operation, Administration and Maintenance) flow. 
Shown in FIG. 19 arc an end point 1 on a transmitting side, 
an end point 2 on a receiving side, and connecting points 3a, 
3fc5, 3c . , . at which OAM cells can be extracted/inserted If 
a defect A has been sensed at a certain connecting point 3^^ 
an AIS (Alarm Indication Signal) cell is sent in the down- 
stream direction in order to notify the downstream side of 
the connection of the defect A. Upon receiving the AIS cell 
or directly detecting a defect B, the end point 2 downstream 
of the connection sends back an RDI (Remote Defect 
Indication) cell to the opposing end point on the upstream 
side. As a result, the end point 1 upstream of the connection 
is capable of managing defects on the transmitting and 
receiving sides in both directions, and the connecting points 
3a-3c are capable of discriminating the occurrence of 
defects and the locations thereof by monitoring the AIS and 
RDI cells. 

FIGS- 20A and 20B are formats of OAM cells, in which 
FIG. 20A shows the format (F4 OAM flow) of an OAM cell 
for a VP connection and FIG. 20B the format (F5 OAM 
flow) of an OAM cell for a VC connection. 

The F4 OAM flow implements (1) discrimination and 
notification of faults in a VP connection (a VP-connection 
fault management function), and (2) notification of error 
rate, cell loss rate and cell mixing rate of user information 
cells (a VP-connection performance management function). 
The F5 OAM flow implements a VC-connection faxilt man- 
agement function and a VC-connection performance man- 
agement function in a manner similar to that of the F4 flow. 

The OAM cells of the F4 and F5 OAM flows both consist 
of a 5-octet ATM cell header 100 and a 48-octet ATM cell 
payload 101. The ATM cell payload 101 is composed of the 
following information: 

(1) 4-bit OAM cell type 101«; 

(2) 4-bit fiinction type 1016; 

(3) a 45-octet function specific field 101c, which specifies 
fault category and fault location; 

(4) a 6-bit reserved field lOlrf; and 

(5) a 10-bit ECC field lOle. 
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2 

RG. 21 is a correspondence table of OAM cell type lOla 
vs. function type lOlfc. The following are advised as the 
OAM cell types: 

fault management type (Fault Management) 0001; 
s performance management type (Performance 
Management) 0010; and 
activation/deactivation management type Activation/ 

Deactivation) 1000. 
The fault management type 0001 includes (1) an alarm 
10 indication signal (AIS), which is a warning of fault 
detection, (2) remote defect indication (RDI), (3) continuity 
check and (4) loopback. The performance management type 
0010 incluides (1) forward monitoring and (2) backward 
reporting. The activation/deactivation management type 
J J includes (1) performance monitoring and (2) continuity 
check. 

Since an OAM cell (FIG. 20A) for a VP connection 
traverses a path the same as that of a user cell which flows 
through the VP connection, the OAM cell has a VPI number 
the same as that of the user cell, and specific VCI values 
(VCI»3, VCI=4) so that the ceU will be identified as an 
OAM cell. VCI«3 identifies the cell as being a segment 
OAM cell, and VCI=4 identifies the cell as being an end- 
to-end OAM cell. A segment OAM cell is a cell inserted/ 
extracted in a segment and is valid only in a segment 

25 interval; it is not transmitted outside of a segment interval. 
An end-to-end OAM cell is a cell valid end to end of a set 
connection; it is discarded at the end point of a connection. 

Since an OAM cell (FIG. 20B) for a VC connection 
traverses a path the same as that of a user ceU which flows 

30 through the VC connection, the OAM cell has a VPI value 
and a VCI value the same as those of the user ceU, and 
specific payload type identifiers (Fn=100,PTI=101) so that 
the ceU will be identified as an OAM cell. Fn=100 identifies 
the cell as being a segment OAM ceU, and PTI=101 iden- 

35 tifies the cell as being an end-to-end OAM celL 

Thus, in a case where an AIS cell has arrived at a certain 
ATM connection point, the connection point undergoes a 
transition to an alarm state at reception of the AIS cell. 
Restoration to the normal state is made in response to 

40 non-reception of the AIS cell for 2.5±0.5 seconds or recep- 
tion of a user cell (alarm -status recovery cell). Since the 
function-specific field 101c of the Fault Management cell 
indicates the details of a fault (fault category and location, 
etc.), as mentioned above, at the time of a failure the 

45 maintenance personnel may operate the networic by referring 
to the detailed information that has been recorded in the 
function-specific field 101c of the Fault Management cell. 

FIG. 22 is a block diagram illustrating the configtiration 
of an ATM switching system. Shown in RG. 22 are sub- 
so scriber interfaces (or line IFs) llii-lli„, Il2i-ll2«> 
llai-Usw, 1141 -ll4^ connected to corresponding lines 
(transmission lines), muhip lexer/demultiplexers 12i--124 an 
ATM switch unit 13, a system controller 14 and a mainte- 
nance terminal 15. The ATM switch unit 13 is connected to 

55 the plurality of multiplexer/demultiplexers ll^-^ll^^ 
switches input cells from certain multiplexer/demultiplexers 
and outputs the cells to prescribed multiplexer/ 
demultiplexers. The multiplexer/demultiplexers il^-^Z^^ 
which are connected to the pluraUties of line interfaces 

60 llii~ll,„, Il2i~ll2^, Il3i~ll3^, Il4i~ll4«, respectively, 
multiplex incoming cells from a plurahty of line interfaces 
IF and output the cells to the ATM switch unit 13. 
Furthermore, the multiplexer/demultiplexers 
12j-124demuliiplex and output incoming cells, which arrive 

65 fi^om the ATM switch unit 13, to the pertinent line interfaces. 
The line interfaces 11 ^^-H^^, which are connected to the 
corresponding multiplexer/demultiplexers 12^-124 each 
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extract an ATM cell from the payload of a frame signal of a art based solely on the VPI/VCI, include line identification 

prescribed format (e.g. a SOhfFT frame) that has entered as well. More specifically, it is required that the connection 

from the line, convert the cell to one having the cell format be identified by a VPI, VCI and line identifier. As a 

within the switch and output the cell to the multiplexer/ consequence, a connection management table that is neces- 

dcmultiplcxcr. The cell format within the switch is provided 5 sary for 0AM processing becomes larger in size and there 

with information TAG for routing purposes. The ATM is an increase in the amount of hardware, 

switch unit switches a cell to a prescribed path by referring In addition, to control a plurality of lines by a single 0AM 

to this tag information TAG. processor, it is required that 0AM processing be executed 

Furthermore, the line interfaces ll^i-U^^ convert the upon distinguishing among the individual lines. Moreover, it 

cells of the switch cell format that enter from the lO is necessary to so arrange it that user cells will not be 

multiplexer/demultiplexers IZ^-ll^ to cells having the ATM discarded owing to the band of the line being exceeded due 

cell format, map each ATM cell to the payload of the to insertion of 0AM cells. 

SONET frame and send the ATM cell to the line side. The In order to manage a line between adjacent ATM switches, 

system controller 14 controls the line interfaces Ui^-ll^^, there are cases where a network VP connection (NVP 

multiplexer/dcmultip lexers VI ^-Al^ and ATM switch unit is connection) is established for the line and line management 

13. processing is executed by sending and receiving 0AM cells 

FIG. 23 is a block diagram showing the construction of a for the NVP connection between the adj acent ATM switches, 

line interface. One line interface 11 is provided in corre- Such an 0AM cell for the NVP connection is terminated by 

spondence with one set of outgoing/incoming lines and has the GAM processor of the first of the adjacent ATM switches 

a one-line/ooe-package construction in which one line inter- 20 and is not sent downstream. Therefore, in a case where the 

face 11 is formed in one package. The multiplexer/ 0AM cell for the NVP connection notifies of a line failure, 

demultiplexer (MUX/DMUX) and ATM switch are shown at a problem which arises is that the line failure will not be 

12 and 13, respectively. communicated to ATM switches other than these ATM 

The line interface 11 includes a physical terminator 21 for switches, namely to ATM switches located downstream, 

forming a frame signal having a prescribed format that has 25 Further, in order to execute 0AM processing regarding an 

entered from the outgoing line into a cell stream and NVP connection, it is required that a management table for 

outputting the cell stream to the side of the ATM switch, and the NVP connection be provided in addition to the manage- 

for forming a cell stream, which has entered from the side ment table for the ordinary VP/VC connections. Thus the 

of the ATM switch, into a frame signal having the above- number of management tables increases. Consequendy, in a 

mentioned format and sending the frame signal to the 30 case where a plurality of lines are controlled by a single 

corresponding line. A UPC (Usage Parameter Control) pro- 0AM processor, the capacity of the management tables 

cessor 22 performs monitoring to determine whether the increases and so does the amount of hardware, 
reported value of transmission capacity and the actual cell 

inflow quantity conform. When cells in excess of the SUMMARY OF THE INVENTION 

reported value flow in, prcxxssing for discarding cells in 35 Accordingly, an c^ject of the present invention is to 

contravention of the stipulation is executed. The line inter- arrange it so that a plurality of lines can be controlled 

face 11 further includes a billing/NDC processor 23, which commonly by a single 0AM processor, an increase in 

performs billing control and NDC control for counting the amount of hardware can be suppressed by reducing the 

number of passing cells and creating billing data, and an capacity of a management table and 0AM processing that 

0AM processor 24. 40 j^^g -^^^^ accoimt can be executed efificiendy. 

In a case where a line (transmission Une) is constituted by ^^^^^ ^^^^ ^^^^^^^ .^^^ ^ 

e.g., an optical cable the physical termmator 21 has an ^hat the band wiU not be exceeded at each of the fines owing 

optoelectric converter for converting a light signal to an ^ ^^^^^ 

electric signal, an electro-optic converter tor converting an . . . ^ . ... 

electric signal to a light signal, and a SONET terminator. 45 Another object of the present mvenUoo is to so arrange it 

The SONET temiinator deletes overhead (section overhead bne fadure of which notification has been given by an 

SOH and path overhead POH) from a frame signal having a ^^.^ NVP connecUoncan be commumc^ted ako 

SONET STC-3C (156 Mbps) format shown for example in ^ ATM switches other than ATM switches for the NVP 

FIG. 24, extracts ATM cells from the payload field PL and connection. 

then converts the format to the cell format within the switch 50 A frirther object of the present invention is to make it 

and outputs the cells. Further, the physical terminator 21 possible to reduce the capacity of management tables and 

sends a ceU stream, which has entered from the switch side, suppress an increase in amount of hardware even in a case 

to the Une upon converting the cell sn-eam to a frame having where 0AM processing is executed separately for NVP 

the SONET STS-3C format shown in HG. 24. connections and ordinary VP/VC connections. 

Thus, the conventional line interface has the one-line/one- 55 According to the present invention, the foregoing objects 
package architecture. Consequendy, the 0AM processor 24 are attained by providing a plural-line terminating apparatus 
constituting the line interface 11 is so adapted that it for accommodating a plurality of lines, converting signals 
executes OAM processing without being aware of the iden- from these plurality of lines to cells, sending the cells to a 
tification of the line. In other words, the OAM processor 24 switch, sending cells from the switch to lines upon convert- 
executes OAM processing without being aware of the par- 60 ing the cells to line signals, and executing OAM processing 
ticular line via which a cell has entered and without being of the plurality of lines, comprising (1) a first signal con- 
aware of the particular line to which a cell is output. verter for converting a transmission line signal, which enters 

Accommodadng a plurality of lines in a single package by from each line, to cells, subsequenUy multiplexing the cells 

useof large-scale integration and controlling the plurality of onto a cell stream, and adding a line identifier, which 

lines of the package by a single OAM processor is now in 65 specifies the line on which the ceU arrived, onto a ceU header 

demand. In order to satisfy this demand, it is required that of the cell, (2) a header converter for converting a combined 

identification of a connection, which is possible in the prior identifier, which is a combination of the line identifier and 
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Connection identification (VPWCI) added onto a cell, to an with an area for holding the degenerate VPI. Upon being 

internal-processing identifier, and sending the ceil having notified of a line fault by an NVP-connedion 0AM cell 

the internal-processing identifier to the switch side, (3) a having a prescribed degenerate VPI, the 0AM processor 

header back-converter for converting the internal-processing stores the occurrence of the fault in the fault-occunence 
identifier of each cell in a cell stream that has entered from 5 storage area of the second table that corresponds to this 

the switch side back to the line identifier and connection degenerate VPI. The 0AM processor thereafter scans the 

identification, (4) a second signal converter for demultiplex- management table to read degenerate VPIs that corre- 

ing the cell stream based upon a line identifier, convertmg ^ to each of the internal-processing identifiers, deter- 

the demultiplexed cells to a transmission hne signal and ^^^^ ^^^^^^ occurrence of a fault has been recorded in 

sendmg the signal, and (5) an 0AM processor for unitarfly ^uit^tatus indication areas of the second management table 

managing, by a first management uble and through use of designated by the degenerate VPIs, and, if occurrence of a 

the interaal-processmg identifier, data necessary for OAM ^^^^ recorded, sends downstream a VC-connection 

processing of each hne, readmg data from the first inanage- ^^^^ ^ - notification of the occurrence of 

ment table based upon the mtemal-proccssmg identifier of a jhe fault If this arrangement is adopted, ATM switches other 

ccU received from each Lne, and execuUng OAM proccssmg ^ switches of NVP connections can be notified 

for conformmg to each hne usmg the data read Thus, by ^ j^^^t ^1^^^^ notification has bc«n given by an 

virtue of this arrangement, a plurahty of Unes can be ^ ^ connection. 

controlled commonly by a single OAM processor. ^ . - ^ j j . r .t. . • *• 

. \, f.- , f- -J Other feanires and advantages of the present mvention 

Moreover, by converting a line-idenlifier/connection identi- .... - *u r n • j • * 1 

- . * -J .-c r *L * • . 1 will be apparent from the following description taken m 

fication to an identifier for the purpose of internal _^ - ^- -.u .u • j • 

processing, the capacity of the management table can be <^^mci^on with the accompanymg drawmgs. 

reduced and an increase in hardware can be suppressed. BRIEF DESCRIPTION OF THE DRAWINGS 

Further, according to the present invention, the first signal u • ^ . ^- c 

convener is provided wiih means for generating, on a , ^9' " block diagram showmg Uje consmict.on of a 

per-line basis, a empty ceU in a period in which a valid ceU !«« ""f^'^"'* accordmg to a first embodmient of the present 

is absent, adding a line identifier onto the empty cell and uivention, 

inserting the empty ceU into the cell stream, and the OAM ^G. 2 is a block diagram showing the construction of a 

processor is provided with means which, when an OAM cell physical termmatmg unit; 

is sent to a prescribed line by OAM processing, is for FIG. 3 is a diagram useful in describing an internal ATM 
discriminating an empty cell having the line identifier of this 30 cell format according to the present invention; 

hoe from the cell stream, and inserting the above-mentioned FIG. 4 is a diagram useful in describing timing; 

OAM cell at the position of this empty cell. Thus, by virtue FIG. 5 is a diagram useful in describing a method of 

of this arrangement, OAM processing that has an awareness making a conversion to a connection identifier (ICID) for 

of the line can be executed efSciently. internal processing; 

Further, according to the present invention, the first signal 35 jqc g shows ATM cell format after the conversion to the 

converter is provided with means for adding an identifier ICID* 

onto a header of an empty cell generat^ by removing an j ^ ^^^^y. ^ ^^^^^ ^^^^^ configuration 

overhead field of a line signal that enters from a line, and the ^ OAM processor- 

OAM processor is provided with means for inhibiting inser- r-ii^ o • i_i 1 j ' u . c 

/ r^A^M fi * r*i_ . 11 u • FIG. 8 IS a block diagram showmg the construction of an 

Uon of an OAM cell at the position of the empty cell having 40 r> * » * n • / . 

this identifier. Thus, by virme of this arrangement, the band ^^P^^^° processmg/extractmg unit; 

will not be exceeded at each of the lines even if OAM cells ^'G- ^ is a diagram usefril m describing an OAM cell 

are inserted. generator; 

According to the present invention, the foregoing objects FIG. 10 is a block diagram showing the constnicUon of an 

are attained by providing a line terminating apparatus com- 45 insertion unit; 

prising (1) first and second management tables for storing FIGS. IIA and IIB are diagrams for describing an 

data necessary for OAM processing of an ordinary VPfVC overview of a second embodiment of the present invention; 

connection and for OAM processing of an NVP connection, FIG. 12 is a block diagram showing the construction of a 

respectively, (2) means for converting a line-identifierA^I/ line interface according to the second embodiment; 
va to an internal-processing identifier in case of a VPA^C 50 FIG. 13 is a block diagram showing the construction of a 

connection cell and converting a line-identifierA^I to a physical layer terminator and a header converter; 

degenerate VPI in case of an OAM cell for an NVP FIGS. 14A, 14B and 14C are diagrams useftil in describ- 

conncction, and (3) means for executing OAM processing of ATM cell formats* 

Oie VP/VC connection arid NVP connection using data read ^ ^ describing 

from the first and second management tables based upon the 55 »«ui<.^. 

, J J * imi • J connecuon management tables; 

mternal-processmg identifier and degenerate VPI ob tamed „^ , ^ . r . • . 

by the conversion. Thus, even in a case where an NVP 1^ ^ ^ ^^'^ ^ describing the generaUon 

connection and a VP/VC connection are subjected to OAM ^ NVP-oonnecUon alarm ceU; 

processing individually, the capacities of the management FIG. 17 is a diagram useful in describing the generation 
tables can be reduced by using the degenerate VPI and eo ofa VC-connection OAM cell for giving notification of fault 

internal-processing identifier and an increase in the amount occurrence; 

of hardware can be suppressed. FIG. 18 is a diagram useful in describing PM processing 

Further, the second management table, which is addressed i° a case where an NVP connection has been established; 

by the degenerate VPI, is provided with an area for storing FIG. 19 is a diagram useful in describing the basic 
occurrence of a fault in a line corresponding to this degen- 65 mechanism of OAM flow; 

erate VPI, and the first management table, which is FIGS. 20A and 20B are diagrams showing the constitu- 

addressed by the internal-processing identifier, is provided tion of OAM cells; 
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FIG. 21 shows a correspondence table (for both F4 and cell. If the VPI that has been added onto a cell agrees with 

F5) of 0AM cell type/function type; a predetermined value, VP is made "1" to indicate a 

FIG. 22 shows the configuration of an ATM switching VP-connection cell; othcnvise. VP is made "(T to indicate a 

svstem- VC-connection cell. The forced empty-cell identifier E mdi- 

. 1 . r ^ cates whether an empty cell is the result of deleting overhead 

HG. 23 IS a block diagram showing the construction of a ^ ^ ^-^^^ ^^^^ ^ ^ PIG 4^ 

line mterface; and ^^^^y inserted in an interval in which valid cells 

FIG. 24 is a diagram for describing a SONET STS-3C are absent. If the empty cell is one that has been obtained by 

frame format. deleting the overhead of the transmission line signal, then 

DESCRIFnON OF TOE PREFERRED lO ^=''1" «f bold. On the other hand, if the empty ceU is one 

ErfcjroriTMXjfCKrrx; cxists because the payload of a signal did not have a 

/ X • u A- ^^^^^^^^^^^ valid cell from the start, then E-"0" wiU hold. The tag 

(A) First embodiment j^j^j^ ^^^^ is a line identifier for identifying the line on 

(a) OveraU configuration ^{jj^h the cell arrived. The 12 lines of the DS3 format are 
FIG . 1 IS a diagram showmg the construction of a plural- reprcscated by four bits and the four lines of the 0C3C (156 

line interface according to a first embodiment of the present 15 Mbps) format are represented by two bits, 

invention. Here a single package accommodates plural sets jhe physical layer terminator 32 on the output side has a 

of incoming/outgoing lines. Shown in FIG. 1 arc a physical demultiplexer 32a for demultiplexing a cell stream, which 

layer terminating unit 30 having a physical layer terminator has entered from the switch side, onto each of the lines based 

31 on the input side to which a plurality of incoming lines upon the tags (line identifiers) that have been added onto the 

(IN lines #0--#n) are connected and a physical layer termi- 20 cells, and format converters 32bo--'d2b„ for converting the 

nator 32 on the output side to which a plurality of outgoing ATM cells, which have the format shown in FIG. 3, to 

lines (OUT lines #0~#n) are connected. An ATM layer transmission line signals and sending the signals to the lines, 

terminating unit 33 is provided between the physical layer (c) Header converter 

terminating unit 30 and a mulUplexer/demuhiplexer, which The header converter 34 converts a combined identifier, 

is not shown. The ATM layer terminating unit 33 includes a 25 which is a combination of the line identifier and VPIA^CI 

header converter 34 for converting a line-identificrATV ^^"^ ^h^' .^een added onto a ceU, to an internal- 

Va, which has been added onto a cell, to an identifier ICID identifier,- to the mtcnnal-processmg identifier 

for internal processing purposes, a UPC processor 35, a ^^^^ ^^^"'S ^F^^ ^^^j^^ ^h^ ^^.^ "'"""'^ 

1 n.Tw^r^ -i^ \mx i management tables can be reduced by makmg the conver- 

billmg/NDC processor 36 an OAM processor 37 and a ^^^'l ^^^^ ^ ^^^^ ^^^^/^ ^^^.^^ 

header back-converter 38 for converUng the mteima - 30 ^ ^ ^ ^^^^^ ^ describing the method of 

processmg identifier lOD back to the hne-identifierA^l/ ^^^^ oonveision to IQD. Shown in FIG. 5 are a first 

VCI. table 34fl for storing a base address BA necessary to obtain 

(b) Physical terminators (he ICID of a VP connection and the IQD of a VC 
The physical terminators 31, 32 on the input and output connection, a second table 346 for storing the ICID of a VC 

sides have the constructions shown in FIG. 2. By way of 35 connection, and address generators 34c, 34dL 

example, (1) one line is connected if the Hne has an 0C12C Reference is had to the VP-connection/VC-connection 

(624 Mbps) format), (2) a maximum of four lines are identifier VP to determine whether a cell is a VP-connection 

connected if the lines have an 0C3C (156 Mbps) format, and cell. If the cell is the VP-connection cell, the address 

(3) a maximum of 12 lines are connected if the lines have a generator 34c refers to the line identifier to determine the 

DS3 format. 40 line on which the cell arrived and generates an address A in 

The physical layer tenninator 31 on the input side has accordance with (l)-<3) below. Specifically, the address 

format converters 31flo~31fl„ for converting the format of generator 34c 

signals that enter from the lines to the ATM cell (l)generatesa20-bitaddressA, which comprises VPI (12 

format (FIG. 3) prevailing within the switch, and for out- bits) +00000000 (8 bits), if the line on which the cell arrived 

putting the resulting cells . The format converters 31a(,~31a„ 45 is a line having the OC12C format; 

further output a frame pulse and an enable signal CEB, (2) generates a 20-bit address A, which comprises line 

which indicates whether the cell is valid or invalid, together identifier (2 bits)+VPI (12 bits)+000000 (6 bits), if the line 

with the cell CL. The physical terminator 31 fruther includes on which the cell arrived is a Unc having the 0C3C format; 

a multiplexer 31b for time-division multiplexing and out- and 

putting ATM cells that enter from each of the format so (3) generates a 20-bit address A, which comprises line 

converters 31ao-31«„. identifier (4 bits)+ VPI (12 bits)+0000 (4 bits), if the line on 

When frame signals having e.g. the 0C3C (156 Mbps) which the cell arrived is a line having the DS3 format, 

format (see FIG. 24) enter, the format converters 31ao~31fl„ The 12- bit internal-processing identifier ICID of the VP 

remove overhead (section overhead SOH and path overhead connection is subsequently obtained from the storage area of 

POH) from the signals, extract the ATM cells from the ss the first table 34a designated by the address A. 

payloads PL, make the conversion to the cell format pre- If the cell is the VC-connection cell, on the other hand, the 

vailing within the switch and then output the resulting cells. address generator 34d refers to the line identifier to deter- 

FIG. 3 is a diagram use fill in describing an ATM cell mine the line on which the cell arrived and generates an 

output by the format converters 31ao'-31a„. Here HD rep- address A in accordance with (IM^) below. Specifically, the 

resents a 6-octet header and PL a 48-octet payload. The 60 address generator 34d 

header HD includes a VP-connectionA'^C-connection iden- (1) generates a 20-bit address A, which comprises VPI (12 

tifier VP, a forced empty-cell identifier E, a line identifica- bits)+VCI (8 higher order bits), if the line on which the cell 

lion tag TAGD (0~9), a virtual-path -identifier/virtual- arrived is a line having the 0C12C format; 

channel-identifier VPWCI, payload type identifier PTI and (2) generates a 20-bit address A, which comprises line 

cell loss priority CLP. 65 identifier (2 bits)+VPI (12 bits)+VCI (6 higher order bits), if 

The VP-connectionA'^C-connection identifier VP specifies the line on which the cell arrived is a line having the 0C3C 

whether a cell is a VP-connection cell or a VC-connection format; and 
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(3) generates a 20-bit address A, which comprises line 
identifier (4 bits)+ VPI (12 bits)+Va (4 higher order bits), if 
the line on which the cell arrived is a line having the DS3 
format. 

Next, the 12-bil base address BA is obtained from the 
storage area of the first table 34a designated by the address 
A. Thereafter, a 20-bit address B is generated by combining 
the 12-bit base address BA and 8 lower order bits of the VCI, 
If stored data is read out of the storage area of the second 
table 34^ designated by the address B, the 12-bit internal- 
processing identifier IQD of the VC connection is obtained. 

As a result of the foregoing operation, the line-identifier/ 
VPl/Va (a total of 38 bits) is converted to the 12-bit 
internal-processing identifier ICID, which is added on at the 
VPI position, as shown in FIG. 6. Thereafter, data necessary 
for 0 AM processing of each line is managed unitarily in the 
connection management table using the internal-processing 
identifier ICID. 

(d) 0AM processor 

(d-1) Overall configuration 

FIG. 7 is block diagram showing the overall configuration 
of the 0AM processor 37. Shown in FIG. 7 are an incoming 
management table 41 and an outgoing management table 51. 
The management tables 41, 51 respectively include (1) 
connection management tables 41a, 51a addressed by ICID, 
(2) PM management Ubles 416, 51b addressed by a PM-ID 
(Performance Management Identifier), (3) back-conversion 
tables 41c^ 51c and (4) Act reception tables 41ft 51d. 
Numerals 42, 52 denote incoming/outgoing cell discrimina- 
tion units. Cell processors 43, 53 execute processing con- 
forming to identified incoming/outgoing 0AM and user 
cells. Numerals 44, 54 denote cell CRC checking units. Cell 
generators 45, 55 generate various incoming/outgoing OAM 
cells, cell insertion units 46, 56 insert generated OAM cells 
into incoming/outgoing highways. Memories 47, 57 store 
intermediate measured values and statistical information 
involved in PM processing, alarm-status transition data 
involved in alarm processing, and LB reception signals. A 
CPU interface 48 is connected to a CPU bus 49 and 
exchanges data with a CPU (not shown) via the bus 49. The 
CPU interface 48 is provided with a line fault indication 
register 50 in which fault occurrence data on a per-line basis 
is set. 

(d-2) Construction of OAM cell reception processing/ 
extracting unit 

FIG. 8 is a block diagram showing the construction of an 
OAM cell reception processing/extracting unit. Shown in 
FIG. 8 are the connection management table 41a addressed 
by ICID, the PM management table 41b addressed by 
PM-ID, the incoming cell discrimination unit 42 for dis- 
criminating incoming OAM cells, the OAM cell reception 
processor 43 for executing processing conforming to OAM 
and user cells, a register 61 for holding information (OAM 
management data) that has been read out of the connection 
management table 41a^ and a cell discarding unit 62. If the 
OAM processor has been designated as being an end point 
by the management data, the cell discarding unit 62 discards 
the end-to-end OAM cell. If the OAM processor has been 
designated as being a segment end point by the management 
data, the cell discarding imit 62 discards the segment OAM 
cell. 

The management data area of the connection management 
table 41a has 

(1) a connection enable bit E indicating whether a con- 
nection is valid or invalid; 

(2) a bit CE indicating whether a point is an end point; 

(3) a bit S£ indicating whether a point is a segment end 
point; 
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(4) a fault-status indication bit AIS; 

(5) a PM enable bit PME indicating whether a PM 
(performance management function) is valid or not; 

(6) a PM-ID (performance management identifier) indi- 
5 cation bit; and 

(7) a line-number indication bit LNI corresponding to 
ICID. 

These bits store the data necessary for OAM processing. 

Enable data and line number are set in the connection enable 
10 bit E and line-nimiber indication bit LNI, respectively, by a 

command from a call processor when a call is established. 

The enable data and line number are reset in response to 

completion of the call. The fault indication bit is set by 

detection of fault occurrence or by notification of fault 
15 occurrence. Other information is set/reset by maintenance 

personnel. 

(1) PM mode (forward/backward), (2) intermediate data 
(cell count, result BIP of bit interleave processing, etc.) and 
(3) statistical data, etc., are stored in the PM management 

20 table 416 in correspondence with PM-ID. 

The cell discrimination unit 42 includes a register 42a for 
storing a cell header, a register 42b for storing OAM cell 
type/function type, a register 42c for storing a function- 
specific field, a line-number discrimination unit 42d for 

25 discriminating, from the header, the line on which a cell has 
arrived, an E-E/seg discrimination unit 42e for 
discriminating, from the cell header, whether an OAM cell 
is a segment OAM cell or a end-to-end OAM cell, and an 
OAM cell discrimination unit 42/ for discriminating the 

30 category of OAM cell from the OAM cell type/function 
type. 

The OAM cell reception processing imit 43 includes an 
AIS cell processor 43a^ an RDI cell processing unit 436 and 
a PM cell processing unit 43c and executes OAM processing 

35 conforming to AIS cells, RDI cells, PM ceUs, ... on a 
per-line basis. For example, if a cell having any ICID 
arrives, connection management data conforming to the 
ICID is read out of the connection management table 41a 
and stored in the register 61. If the cell is a Fault Manage- 

40 ment cell for giving notification of an AIS, the AIS cell 
processor 43fl is activated to set the fault-occurrence indi- 
cation bit of the connection management data to "1" and 
shift the status of the connection to the AIS alarm state. On 
the other hand, if the cell is a PM cell or user cell undergoing 

45 monitoring, the PM cell processor 43c is activated to execute 
PM processing for line support using the PME, PM-ID of the 
connection management data and the PM management table 
41b. 

Thus, even in an instance where the OAM processor 
50 executes processing for a plurahty of lines, the processor 
converts the line-numberA'PI/VCI to an ICID having a 
small number of bits and unitarily manages the data, which 
is required for the OAM processing of each line, by means 
of the coimection management table 41a addressed byJCID. 
55 As a result, the required memory capacity can be reduced 
and OAM processing that is aware of the lines can be 
executed. 
(d-3) OAM cell generator 

FIG. 9 is a diagram useful in describing the OAM cell 
60 generator. The illustrates relates solely to an AIS cell gen- 
erator 45fl and a PM cell generator 456.Shown in FIG. 9 are 
the connection management table 41a^tbe PM management 
table 416, the AIS cell generator 45a, the PM cell generator 
4$b, the line fault indication register 50, the register 61 for 
55 storing management data, and a queuing buffer 63 for 
queuing generated OAM cells. The latter has a queuing 
buffer QAIS for queuing AIS cells and a QPM queuing 
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buffer for queuing PM cells. Though only two queuing 
buffers are shown, io actually a queuing buffer for AIS cells, 
a queuing buffer for RDI cells, a queuing buffer for PM 
cells, ... are provided on a per-line basis. 
AIS cell generation 

The line fault indication register SO has m bits, wherein an 
ith (i=0-m) bit corresponds to an ith line. If a fault develops 
in an ith line, a fault detector (not shown) write "1" to the 
ith bit. In response to fault recovery, the fault detector writes 
"CT' to the ith bit. 

The AIS cell generator 45a reads out management data by 
successively incrementing the address of the connection 
management table 41a and, by referring to the line fault 
indication register 50, determines whether a fault has 
occurred in the line indicated by the Une number #i of the 
management data. If the content of the ith bit corresponding 
to the line #i is "0", this means that a fault has not occurred 
in the line #i and, hence, an AIS cell is not generated. 

If "1" has been written to the ith bit, however, this means 
that a fault has occurred in the line #i. In this case the AIS 
cell generator 45a generates an AIS notification 0AM cell 
having the address m of the management table 4La^ from 
which the line number #i has been read out, as the internal- 
processing identifier ICID and the line number #i as the tag 
TAGD, and writes this OAM cell to the queuing buffer QAIS 
corresponding to the AIS cell of line #i. 

The AIS cell generator 45b subsequently scans the con- 
nection management table 41a cychcally and repeats the 
above-described processing. If a line develops a fault, the 
AIS cell generator 456 generates the OAM cell which gives 
notification of the AIS and queues this call in the prescribed 
queuing buffer. The queued AIS cell is transmitted upon 
being read out of the queuing buffer, 

PM cell generation 

When management data is read out of the connection 
management table 41a from the location designated by the 
ICID («=m) address of the user cell and this data is stored in 
the register 61, the PM cell generator 456 determines 
whether the PME bit of the management data is "1", i.e., 
whether the cell is a user cell undergoing monitoring. 

If the cell is a user cell undergoing monitoring, the PM 
cell generator 456 refers to the stored content of the PM 
management table designated by the PM-ID and determines 
whether the PM mode is forward monitoring or backward 
reporting. If the PM mode is forward monitoring, the PM 
cell generator 45b computes intermediate data (number of 
monitored cells, BIP, etc.) and updates the content of the PM 
management table. The PM cell generator 456 further per- 
forms monitoring, on a per-connection basis, to determine 
whether a fixed number of user cells undeigoing monitoring 
have passed. If a fixed number of these user cells have 
passed, the PM cell generator 456 generates a forward 
monitoring cell having the ICID of the monitored user cell 
as the IQD and the line identifier, which is included in the 
header of the monitored user cell, as the tag TAGD, and 
queues the forward monitoring cell in the queuing buffer 
QPM of this line. Thereafter, the queued forward monitoring 
cell is transmitted upon being read out of the queuing buffer. 
In a case where the PM mode is backward reporting, the 
corresponding processing is executed. 

Thus, OAM cells can be generated to accommodate each 
Hne. 

(d-4) OAM cell insertion unit 

When OAM cells are read out of a queuing buffer and 
inserted into an ATM cell stream, it is required to perform 
control in such a manner that the band of each Hne will not 
be exceeded by insertion of the OAM cells. An OAM cell is 
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inserted at the position of an empty cell (see FIG. 4). One 
type of empty cell is that obtained eliminating the overhead 
portion of the signal. If an OAM cell is inserted at the 
position of such an empty cell unconditionally, the band will 

5 be exceeded. Accordingly, in order to arrange it so that the 
band will not be exceeded, an OAM cell should not be 
inserted at the position of an empty cell obtained by elimi- 
nating the overhead portion but at the position of an empty 
cell other than the empty cell of the above-mentioned type 

10 (namely at the position of the empty cell of the payload 
portion). For this reason, the forced empty-cell identifier E, 
which indicates that an empty cell is one that was obtained 
by eliminating the overhead portion, has been added onto the 
cell header (see FIG. 3), Insertion of OAM cells is controlled 

15 by referring to this forced empty-cell identifier E. 

FIG. 10 is a block diagram showing the construction of 
the OAM cell insertion unit Shown in FIG. 10 are the OAM 
cell generator 45 and the cell insertion unit 46. The latter 
includes queuing buffers 63o, 63i, . . . 63„ for queuing OAM 

20 cells of fine numbers #l-#a Each queuing buffer has, on a 
per-line basis, a queuing buffer QAIS for queuing AIS cells, 
a queuing buffer QRDI for queuing RDI ceUs, a queuing 
buffer QPM for queuing PM cells, . . . , and a queuing 
controller QCNT for controlling the writing/reading of cells 

25 to/horn each of the queuing buffers. The queuing controller 
QCNT stores the order in which cells were written to each 

of the queuing buffers QAIS, QRDI, QPM, When cell 

transmission is specified, the queuing controller QCNT 
reads the oldest written cell out the prescribed queuing 

30 buffer and then outputs the ceU. 

The cell insertion unit 46 further includes a delay buffer 
64 for timing adjustment, selectors 65, 66, a empty cell 
detector and line number discriniinator 67 and a cell inser- 
tion controller 68. The empty cell detector and fine number 

35 discriminator 67 extracts and outputs the forced empty-cell 
identifier E and the line identifier TAGD contained in the cell 
header, detects an empty cell from an arriving frame/enable 
signal that travels together with the cell, and outputs an 
empty-cell position signal ECL. When the empty-cell posi- 

40 tion signal ECL is "1" and the forced empty-cell identifier E 
is "0** (cell insertion allowed), the cell insertion controller 68 
instructs the selectors 65, 66 to select a prescribed cell and 
sends a cell output enable signal Ei to the queuing buffer 
indicted by the line number TAGD. Upon receiving the cell 

45 output enable signal Hi, the queuing buffer 63/ sends an 
OAM cell to the selector 66. The selector 66 selects this 
OAM cell and sends it to the selector 65. The latter selects 
this OAM cell and outputs the cell. As a resuh of the above 
operation, the OAM cell of a hne is inserted at the position 

50 of the empty cell of the line in the payload section. 

If the empty-cell position signal ECL is "1" and the forced 
empty-cell identifier E is "1" (cell insertion inhibited), the 
cell insertion controller 68 will not output the cell selection 
command to the selector 66 and will instruction the selector 

55 65 to select the output of the delay buffer 64. As a result, the 
cell stream output by the delay buffer 64 is delivered intact 
by the selector 65. Also, in a case where the empty -cell 
position signal ECL is "0", the cell stream output by the 
delay buffer 64 is delivered intact by the selector 65. 

60 As a result of the operation described above, the band will 
not be exceeded at each Une even if an OAM cell is inserted. 
This makes it possible to prevent the occurrence of user cell 
loss due to exceeding of the band. 
(B) Second embodiment 

65 (a) Overview of the second embodiment 

In order to manage a prescribed line 203 between adjacent 
ATM switches 201, 202, there are cases where a network VP 
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coonection (NVP conneclioo) is established for the line and 
0AM cells for the NVP connection are sent and received 
between the ATM switches 201, 202 to implement manage- 
ment of the line 203. as illustrated in FIG. 11 A, When such 
an NVP connection is established, it is required that the 
0AM processors within the ATM switches 201, 202 execute 
0AM processing for the NVP connection and for a VC 
connection, respectively, which is accommodated by the 
NVP connection. 

The NVP connection is terminated by the line interfaces 
of the ATM switches. Consequently, it is not required that 
the identifier ICID for internal processing be allocated to the 
NVP connection as in the manner of the VC connection; 
allocating the identifier ICID would reduce the number of 
VC connections capable of being accommodated. For this 
reason, the usual practice is to discriminate an NVP con- 
nection solely by the VPI without allocating the internal- 
processing identifier ICID to the NVP connection. However, 
with a line interface that accommodates a plurality of lines, 
a line identifier is necessary in addition to the VPI to identify 
an NVP connection. Accordingly, the line identifier and VPI 
are converted to a degenerate VPI having a small number of 
bits, the NVP connection is identified by the degenerate VPI 
and processing of NVP-conneclion GAM cells is executed. 
With regard to other VC connections, these are identified by 
the internal-processing ICID and 0AM processing is 
executed. As a result, the sizes of the NVP-connection 
management table and VC connection management table 
necessary for the 0AM processing of the respective con- 
nections are reduced. 

As shown in FIG. IIB, an 0AM cell (VP-AIS) for an 
NVP connection is terminated by the 0AM ceU processor of 
the initial ATM switch 202 and is not sent downstream. 
Therefore, in a case where the 0AM cell (VP-AIS) for the 
NVP connection notifies of a NVP fault, the NVP fault will 
not be communicated to ATM switches located downstream. 
Accordingly, it is so arranged that a NVP fault of which 
notification has been given by an 0AM cell for an NVP 
connection can be communicated downstream of the NVP 
connection by an 0AM cell (VC-AIS) of a VC connection. 

When an NVP connection has been set, there are cases 
where performance management of a VC connection and 
performance management of an NVP connection which 
accommodates this VC connection must be carried out at the 
same time. Even in this case it is required to so arrange it that 
PM processing can be executed with regard to each of these 
types of performance management at the same time. 

(b) Overall configuration 

FIG. 12 is a block diagram showing the construction of a 
plural-line interface according to a second embodiment of 
the present invention. Here a single package accommodates 
plural sets of incoming/outgoing lines. Elements in FIG, 12 
identical with those of the first embodiment of FIG, 1 are 
designated by like reference characters. 

Shown in FIG. 12 are the physical layer terminating unit 
30 having the physical layer terminator 31 on the input side 
to which a plurality of incoming lines (IN lines #0--#n) arc 
connected and the physical layer terminator 32 on the output 
side to which a plurality of outgoing lines (OUT lines 
#0~#n) are connected. The ATM layer terminating unit 33 is 
provided between the physical layer terminating unit 30 and 
a multiplexer/demultiplexer, which is not shown. A header 
converter 34' (1) converts the line-identifierA^I that has 
been added onto the OAM cell for an NVP connection to a 
degenerate VPI and (2) converts the line-identifier/VPI/ 
VCIs that have been added onto other cells to the identifier 
IQD for internal processing. The ATM terminating unit 33 
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further includes the UPC processor 35, the billing/NDC 
processor 36, the OAM processor 37 and the header back- 
converter 38 for converting the internal-processing identifier 
ICID back to the line-identifierA^WCI. The OAM pro- 
cessor 37 includes the management table 41a for ordinary 
VC/VP connections and an NVP-connection management 
table 141fl. 

(c) Physical layer terminator and header converter 
As shown in FIG. 13, the physical terminators 31, 32 on 

the input and output sides have the same construction as 
those of the first embodiment (see FIG. 2). Accordingly, the 
format converters of the physical terminator 31 output ATM 
cells identical with those of the first embodiment, as illus- 
trated in FIG. 14A. 

The header converter 34' has a cell judging unit 34a, first 
and second converters Mb, 34c and a cell combiner Md. The 
ATM cell stream enters the cell judging unit 34a, which 
proceeds to determine whether an ATM cell is an OAM cell 
for an NVP connection. When the VPI value of an input cell 
agrees with a preset value and the VCI value is 3 or 4, the 
cell judging unit 34^2judges that the cell is an OAM cell for 
an NVP connection. 

In the case of an OAM cell for an NVP connection, the 
first converter 346 converts the line-identifierA^I that has 
25 been added onto the cell to a degenerate VPI and then 
transmits the cell shown in FIG. 14B, The header includes 
an identifier NVP, which indicates that the cell is an OAM 
cell for an NVP connection. NVP="1" indicates that the cell 
is the OAM cell for an NVP connection. With regard to the 
degenerate VPI, the correspondence between the degenerate 
VPI and line-identifier ATI is stored in memory beforehand. 
A degenerate VPI corresponding to the line-identifierA^I of 
an input cell can be obtained by reading it out of the 
memory. 

The second converter 34c converts a line-identifierAn/ 
VCI that has been added onto a cell other than the OAM cell 
for an NVP connection to the internal-processing identifier 
ICID through the method shown in FIG. 5 and outputs the 
cell shown in FIG. 14C. The cell combiner 34d combines 
and outputs the cells output by each of the converters Mb, 
34c. 

(d) Management table in OAM processor 
OAM cells include an OAM cell for an NVP connection 

and an OAM cell for connections other than NVP 
connections, namely for VC/VP connections. The OAM 
processor 37 (FIG. 12) executes processing conforming to 
each of these OAM cells. 

To accomplish this, the OAM processor 37 is provided 
with the NVP-connection management table 141fl in in 
addition to the connection management table 41a for the 
ordinary VC/VP connections. 

FIGS. 15A and 15B are diagrams useful in describing 
connection management tables. FIG. 15 A shows the con- 
nection management table 41fl for the ordinary VC/VP 
55 connections, and FIG. 15B illustrates the NVP-connection 
management table 141a. 

The management data area of the coimection management 
table 41a has 

(1) a connection enable bit E indicating whether a coo- 
60 nection is valid or invalid; 

(2) a bit CE indicating whether a point is an end point; 

(3) a bit SE indicating whether a point is a segment end 
point; 

(4) a fault-status indication bit AIS; 

(5) a PM enable bit PME indicating whether a PM 
(performance management function) is valid or ddX; 

(6) a PM-ID indication bit; 
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(7) a line -number indication bil LNI corresponding to ith line. The RDI cell generator 145a subsequently scans the 
ICID; and NVP-connection managemeat table 141a cyclically and 

(8) a degenerate VP! indication bil. repeals the above-described processing. The RDI cell thai 
Enable data (=" 1") and a degenerate VPI value are set in the has been written to the queuing buffer QRDI is read out and 
connccUon enable bit E and degenerate VPI indication bit. 5 transmitted downstream. 

respectively, when a caU is established. The enable daU and (0 FauhHOCcurreoce notification by 0AM cell for VC 

a degenerate VPI value arc reset in response to completion connections r r i. l 

tr M \i 11 , -,.11 « A^^A^^ When notmcatioo of the occurrence oi a une fault has 

of a call. More specifically, the call processor decides the . . . r^AXM u » • a 

Amirt/A^ 1 r II -J *L 1- * * •* ^^11 been given by an NVP-connection 0AM cell. It IS required 

WlA^a values of a ca^ and the hne thattransmits the cell o^ence of the fault be communicated downsieam. 

of the caU when the caU is established. TTie caU processor 10 ^ ^ ^ describing the generation of 

therefore obtains the ICID (-n) and degenerate VPI (-m) ^ vC-connection 0AM ceU for giving notificaUon of fault 

from the line-numberA^WCI and sets the connection occurrence 

enable daU (="1") and degenerate VPI value (=m) in the processor 37 receives the NVP-connection 

area of the connection management table 41fl indicated by (NVP-AIS), which gives notification of the occur- 

the lao value (=n). 15 ^nce of line failure. (2) Upon receiving this cell, the 0AM 

The management data area of the NVP management table processor 37 sets to "1" the fault-status indication bit AIS of 

141fl has the VP-conneciion management table indicated by the 

(1) a connection enable bil E indicating whether a con- degenerate VPI (=n) of this 0AM cell. 

nection is valid or invalid; Under these conditions, (3) the RDI cell generator 145fl 

(2) a fault-status indication bit AIS; 20 increments the address n of the connection management 

(3) a PM enable bit PME indicating whether a PM table 41a successively and reads out the connection man- 
(performance management function) is valid or not; agement data. (4) Next, the RDI cell generator 145fl obtains 

(4) a PM-ID indication bit; and the degenerate VPI («m) contained in this conneaion man- 

(5) a line-number indication bit. agement data, reads the NVP management data (line number 
Prescribed enable information is set when an NVP connec- 25 #5) out of ihe storage area of the NVP-connection manage- 
tion is established. More specifically, when an NVP con- ment table 141fl indicated by this degenerate VPI and (5) 
nection is established, a VPI number and line number, etc., determines whether the fault-status indication bit AIS is "1". 
enter. As a result, the degenerate VPI value (=m) is obtained If the fault-status indication bit AIS is "0**, the AIS cell for 
from the fine-numberATI value and the above-mentioned the VCfVF connections is not generated. However, if the 
NVP connection information is stored in the area of the 30 fault-status indication bit AIS is "1", notification of occur- 
NVP-connedion management table 141fl indicated by the rence of line fault #5 is given by the NVP-connection 0AM 
degenerate VPI (=m). When a cell arrives, the OAM pro- cell. In such case the RDI cell generator 145fl generates and 
cessor37 determines whether it is an OAM cell for the NVP transmits the OAM cell VC-AIS, which is for the VC/VP 
connection by referring to the NVP identifier of the cell connection, having the ICID value as n and #5 as the line 
header. If the cell is the NVP OAM cell, the OAM processor 35 number TAGD. 

37 executes OAM processing using the NVP management (g) PM processing 

table 141fl. If this is not the case, the OAM processor 37 When the NVP connection has been establi^cd, the 

executes OAM processing using the management table 41fl OAM processor 37, which implements the performance 

of the VC connections. management function (PM function), executes 

(e) NVP-connection alarm cell generation 40 VC-connection performance management and performance 

FIG. 16 is a diagram useful in describing the generation management of an NVP connection which accommodates 

of an NVP-connection alarm cell. The line fault indication this VC connection. When an NVP connection has been 

register 50 stores an indication of whether a fault has established, there are cases where the performance manage- 

occuned on each line. Shown at 141fl is the NVP-connection ment of the VC connection and the performance manage- 

management table and at 145fl an RDI cell generator. 45 ment of the NVP connection which accommodates this VC 

The line fauh indication register 50 has m bits, the ith bit connection start simultaneously. In such cases it is required 

of which corresponds to an ith fine. When an ith line that PM processing be executed simultaneously with regard 

develops a fault, a fault detector (not shown) writes "1" to to each type of performance management. In order to 

the ith bit. The fault detector writes "C* to this bit in response implement such a performance management function, the 

to recovery firom the fault. 50 present invention is so adapted that, as shown in FIG. 18, the 

The RDI cell generator 145^ increments the address of the PME bil indicating the validity of the performance manage- 

NVP-connection management table 141a successively to ment function and PM-ID for accessing the PM management 

read out the NVP-connection management data and, by table 41fc are set in both the connection management table 

referring to the line fault indication register 50, determines 41fl . and the NVP-connection management table 141a. 

whether a fauh has occurred in the Une indicated by the line 55 Further, the degenerate VPI is provided in the management 

number #i (#5 in FIG. 16) of this management data. If the data of the connection management table 41fl so that both of 

content of the ith bit corresponding to the line number #i is the management tables 41fl, 141a can be accessed when a 

"0", this means that the ith line has not developed a fauh and, user cell is received. 

hence, the RDI cell is not generated. However, if "1" has When a user cell having a prescribed ICID («o) arrives 

been written to the ith bit, this means that the ith hne has 60 under these conditions, the OAM processor 37 reads the PM 

developed a fault. In such case the RDI cell generator 145fl validity bit PME, the PM-ID (e.g., 83) and the degenerate 

generates an NVP-connection OAM cell for alarm status VPI (=m) out of the area of the connection management 

notification having the address (om) of the NVP manage- table 41a addressed by the ICID. If the PM validity bit PME 

ment table 141a, from which the line number #i has been is "1", then the OAM processor reads data out of the area of 

read out, as the degenerate VPI value and the line number #i 65 PM management table 41b indicated by the PM-ID (=83) 

as the tag TAGD, and writes this NVP-conneaion OAM cell and executes prescribed PM processing. If the PM validity 

to the queuing buffer QRDI corre^onding to the RDI cell of bit PME is ^'C*, then PM processing is not executed. 
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Next, the PM validity bil PME and PM-ID (=12) are read 
out of the area of the NVP^connection management table 
141a indicated by the degenerate VPI (=m). If the PM 
validity bil PME is "1", then the 0AM processor reads data 
out of the area of PM management table 41b indicated by the 5 
PM-ID (=12) and executes prescribed PM processing. If the 
PM validity bit PME is "(T, then PM processing is not 
executed. 

Thus, if the PM validity bit PME of connection manage- 
ment table 41a or NVP-connection management table 141a 
is "1", then the corresponding type of PM processing is 
executed. If the PM validity bit PME is "1" in both of these 
management tables, then both types of PM processing can be 
executed. 

The fiDregoing relates to a case where the line-number/ 
VPI is converted to a degenerate VPI. However, conversion 
to the degenerate VPI is not always necessary. In such case 
the address of the NVP-connection management table 141a 
would be a value which is obtained by combining the line 
number and VPI. Further, though the foregoing relates to 
ATM cells, the cells are not necessarily limited to ATM ceUs 20 
but may be any types of cells. 

In accordance with the present invention as described 
above, data necessary for 0AM processing of each line is 
managed unitarily with a connection management table 
xising an identifier ICID for internal processing, and OAM 25 
processing is executed using data read from the connection 
management table based upon the internal-processing iden- 
tifier ICID that has been added onto the OAM cell received 
from each line. As a result, a pluraUty of lines can be 
controlled commonly by a single OAM processor and an 30 
increase in amount of hardware can be suppressed by 
reducing the capacity of the connection management table. 

In accordance with the present invention, empty cells are 
generated, on a per-line basis, in periods in which valid cells 
are absent, a line identifier is added onto the empty cell and 35 
the cell is inserted into an ATM cell stream. When an OAM 
cell is sent to a prescribed line by OAM processing, the 
empty cell having the line identifier of this line is discrimi- 
nated from the ceU stream and the OAM ceU is inserted at 
the position of the empty cell. As a result, OAM processing 40 
that has an awareness of the line can be executed efiSciently. 

In accordance with the present invention, an identifier is 
added onto the header of an empty cell generated by 
removing the overhead field of a signal that enters from a 
line, and insertion of an OAM cell at the position of the 45 
empty cell having this identifier is inhibited. As a result, the 
band will not be exceeded at each of the lines even if OAM 
cells arc inserted. 

In accordance with the present invention, OAM process- 
ing can be executed using the internal-processing ICID and 50 
degenerate VPI even in a case where an NVP connection and 
a VC connection are subjected to OAM processing indi- 
vidually. Moreover, the capacities of the management tables 
can be reduced and an increase in the amount of hardware 
can be suppressed. 55 

In accordance with the present invention, a line fault of 
which notification has been given by an NVP-connection 
OAM cell can be communicated downstream beyond the 
range of the NVP connection. 

As many apparently widely different embodiments of the 60 
present invention can be made without departing from the 
spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 

What is claimed is: 65 

1. An OAM processing method in a plural-hne terminat- 
ing apparatus for accommodating a phirality of lines, con- 
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verting signals from these plurality of lines to cells and 
sending the ceUs to a switch, sending cells from the switch 
to fines upon converting the cells to line signals, and 
executing OAM processing of the plurality of lines, said 
method comprising the steps ot 

multiplexing cells onto a cell stream after signals which 
enter from each of the lines are converted to the ceUs, 
and adding onto a cell header of each cell a line 
identifier that specifies the line on which this cell 
arrived; 

converting a combined identifier, which is a combination 
of the line identifier and a cell connection identifier that 
have been added onto a cell, to an internal-processing 
identifier and sending the cell having the intern al- 
processing identifier to the switch side; 

unitarily managing data, which is necessary for OAM 
processing of each line, by a first management table 
using the internal -processing identifier as an address; 

reading data from said first management table based upon 
the internal -processing identifier of a cell received from 
each fine; and 

executing OAM processing conforming to each line using 
the data that has been read. 

2. The method according to claim 1, further comprising 
the steps of: 

generating, on a per-line basis, an empty cell in a period 
in which a vafid cell is absent, adding a line identifier 
onto the empty cell and inserting the empty cell into the 
cell stream; 

when an OAM cell is sent to a prescribed Line by OAM 
processing, discriminating the empty cell, which has 
the line identifier of this line, from the cell stream; and 

inserting the OAM cell at the position of said empty cell. 

3. The method according to claim 2, further comprising 
the steps of: 

adding the line identifier onto a header of the empty cell 
generated by removing an overhead field of a line 
signal that enters the plural-line terminating apparatus 
from a line; and 

inhibiting insertion of the OAM cell at the position of the 
empty cell having said identifier. 

4. The method according to claim 1, wherein in a case 
where a network VP connection (NVP connection) is estab- 
lished for a prescribed fine between adjacent switches in 
order to manage the line and OAM cells for the NVP 
connection are sent and received between the switches and 
management of this line is executed, the method further 
includes the steps of: 

providing a second management table addressed by a 
combination of a VPI of an OAM cell for the NVP 
connection and line identifier; 

storing data necessary for OAM processing of the NVP 
connection in the second management table; 

determining whether a cell is the OAM cell for the NVP 
connection; and 

if the cell is the OAM cell for the NVP connection, 
executing OAM processing of the NVP connection 
using data read from the second management table 
based upon the combination of the VPI and line iden- 
tifier that have been added onto the OAM cell of the 
NVP connection. 

5. The method according to claim 1, wherein in a case 
where a network VP connection (NVP connection) is estab- 
lished for a prescribed line between adjacent switches in 
order to manage the line and OAM cells for the NVP 



05/13/2004, EAST Version: 1.4.1 



us 6,198,726 Bl 



19 



20 



conneclioD are seal and received between the switches and 
management of this line is executed, the method further 
includes the steps of: 
providing a second management table addressed by a 
degenerate VPI obtained by converting a combination 
of a VPI of an OAM cell for the NVP connection and 
line identifier; 

storing data necessary for OAM processing of the NVP 
connection in the second management table; 

determining whether a cell is the OAM cell for the NVP 
connection; and 

if the cell is the OAM cell for the NVP connection, 
converting the combination of a VPI of the OAM cell 
and the line identifier to the degenerate VPI; and 

executing OAM processing of the NVP comiection using 
data read from the NVP-connection management table 
based upon the degenerate VPI. 

6. The method according to claim 5, further comprising 
the steps of: 

providing the second management table with an area for 
storing fault occurrence status of the NVP connection 
corresponding to the degenerate VPI; 

providing the first management table with an area for 
storing the degenerate VPI corresponding to the 
internal-processing identifier; 

when notification of a fault in the NVP connection is 
given by an OAM cell for the NVP connection having 
a prescribed degenerate VPI value, storing an indica- 
tion of fault occurrence in the fault-status storage area 
of the second management table that corresponds to the 
degenerate VPI value; 

determining whether indication of fault occurrence has 
been recorded in the fault-status storage area of the 
second management table; 

if indication of fault occurrence has been stored in the 
fault-status storage area designated by the prescribed 
degenerate VPI value, obtaining an address of the first 
management table at which said degenerate VPI value 
is stored in a degenerate-VPI indication area; and 

generating the OAM cell for fault notification having said 
obtained address as the an internal-processing 
identifier, and sending this OAM cell downstream. 

7. A plural-line terminating apparatus for accommodating 
a plurality of lines, converting line signals from these 
plurality of lines to cells, sending the cells to a switch, 
sending cells from the switch to lines upon converting the 
cells to line signals, and executing OAM processing of the 
plurality of lines, comprising: 

a first signal converter for format-converting a fine signal, 
which enters from each line, to cells, subsequently 
multiplexing the cells onto a cell stream, and adding a 
line identifier, which specifies the line on which the cell 
arrived, onto a cell header of the cell; 

a header converter for converting a combined identifier, 
which is a combination of the line identifier and a 
connection identifier that have been added onto a cell, 
to an internal-processing identifier, and sending the cell 
having the internal-processing identifier to the switch 
side; 
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a header back-converter for converting the internal- 
processing identifier of each cell in the cell stream that 
has entered from the switch side back to the line 
identifier and the connection identifier; 

a second signal converter for demultiplexing the cell 
stream based upon the line identifier, converting the 
demultiplexed cells to a line signal and sending the 
signal; 

a first management table for imitarily managing data 
necessary for OAM processing of each line through use 
of the internal-processing identifier; and 

an OAM processor for executing OAM processing using 
the data that has been read from said first management 
table based upon the intemal-processing identifiers of 
cells that have been received from each of the lines. 

8. The apparatus according to claim 7, wherein said first 
signal converter includes means for generating, on a pcr-line 
basis, an empty cell in a period in which a valid cell is 
absent, adding the line identifier onto the empty cell and 
inserting the ceU into the cell stream; and 

said OAM cell processor has: 

means which, when an OAM cell is sent to a prescribed 

line by OAM processing, is for discriminating an 

empty cell having the line identifier of this line from 

the cell stream; and 
means for inserting the said OAM cell at the position of 

this empty cell. 

9. The apparatus according to claim 8, wherein said first 
signal converter has means for adding the identifier onto a 
header of the empty cell generated by removing an overhead 
field of the line signal that enters from the line; and 

said OAM processor has means for inhibiting insertion of 
an OAM cell at the position of the empty cell having 
said identifier. 

10. A plural-Hne terminating apparatus for accommodat- 
ing a plurality of physical lines, converting line signals from 
these plurality of physical lines to cells, sending the ceUs to 
a switch, sending cells from the switch to lines upon 
converting the cells to line signals, and executing OAM 
processing of the plurality of lines, comprising: 

means for converting a line signal, which enters from each 
physical line, to cells, subsequently multiplexing the 
cells onto a cell stream, and adding a line identifier, 
which specifies the physical line on which the cell 
arrived, onto a cell header of the cell; 

storage means for storing a combined identifier, which is 
a combination of the line identifier and a connection 
identifier that have been added onto the cell, in asso- 
ciation with data necessary for cell processing of each 
physical line; 

means for reading data from said storage means based 
upon the combined identifier of cell that has been 
received from each of the physical lines; and 

means for executing cell processing conforming to each 
physical line using the data that has been read. 
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